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(57)Abstract: 

PURPOSE: To prevent the occurrence of a mask pattern 
deformation clue to the bonding agent for bonding a 
supporting frame and a holding frame, by forming a 
bonding layer of bonding agents and a member for 
controlling the volume of the bonding agents. 
CONSTITUTION: A mask substrate 2 and a holding 
frame 1 are laminated by a bonding layer A. Into the 
bonding layer A, a ring-shaped SUS spacer 7 of a foil 
sheet is inserted, and two-liquid polymerization type 
bonding agents 3A and 3B are applied on the surface 
and rear of the spacer 7. By this, even in the bonding of 
the mask substrate and the holding frame which are 
varying in thickness, the deformation of the mask 
substrate due to the cure shrinkage of bonding agent 
can be suppressed to a minimum, and if a bonding agent 
having a relatively large line expansion coefficient is 
used, the deformation of the bonding layer due to 
temperature change can be suppressed to a minimum, 
whereby the deformation of the mask pattern can be 
suppressed. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The X-ray mask structure characterized by consisting of a member for a glue 
line controlling the volume of adhesives and these adhesives in the X-ray mask 
structure which consists of the radioparency film formed on the housing, the X-ray 
absorber which has the pattern of the request formed on this transparency film, a 
maintenance frame which reinforces this housing, and a glue line for pasting up this 
housing and this maintenance frame further. 

[Claim 2] The X-ray mask structure according to claim 1 whose member for controlling 
the volume of adhesives is foil tabular. 

[Claim 3] The X-ray mask structure according to claim 1 whose member for controlling 
the volume of adhesives is a granule. 

[Claim 4] The manufacture approach of the X-ray mask structure characterized by 
making the member for controlling the volume of adhesives and these adhesives to the 
glue line for pasting up this housing and this maintenance frame contain in the 
manufacture approach of the X-ray mask structure which has the radioparency film 
with which the X-ray absorber which has a desired pattern is formed, the housing which 
supports this transparency film, and the maintenance frame which reinforces this 
housing. 

[Claim 5] The X ray lithography approach characterized by exposing an X-ray to an 
exposed member through the X-ray mask structure according to claim 1. 
[Claim 6] The semiconductor device characterized by being produced by the X ray 
lithography approach according to claim 5. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the semiconductor device 
manufactured by the X-ray mask structure by which generating of the mask pattern 
resulting from the adhesives on which a housing and a maintenance frame are pasted 
up of distortion was suppressed and its manufacture approach, the X-ray lithography 
approach using the X-ray mask structure, and its X-ray lithography approach. 
[0002] 

[Description of the Prior Art] An example of the conventional X-ray mask structure is 
shown in drawing 3 . The X-ray absorber (mask pattern) with which a mask substrate 
(housing) and 3 have adhesives and, as for one, a maintenance frame and 2 have a 
desired pattern, as for 4, and 5 are radioparency film (membrane) among drawing. As 
shown in drawing, the maintenance frame 1 is a ring-like and opening 6 is formed in the 
center. On this maintenance frame 1, the radioparency film 5 prepared on the mask 
substrate 2 is formed, and the X-ray absorber 4 which has a desired pattern is formed in 
this transparency film top 5 ( drawing 3 (b) graphic display). Moreover, since rigidity is 
inferior, the mask substrate 2 is reinforced by carrying out adhesion immobilization 
with adhesives 3 on the maintenance frame 1 ( drawing 3 (b) and (c) graphic display). 
Here, the X-ray absorber (mask pattern) 4 consists of Au or WNx, and the radioparency 
film (membrane) 5 consists of inorganic materials, such as SiN or SiC, and is formed in 
the thickness of about several micrometers. Moreover, about 0.4-3mm Si wafer is used 
for the mask substrate 2. 

[0003] In X ray lithography, spacing (pro squeak tee gap) of an X-ray mask side and the 
wafer side which is an exposed substrate must be kept highly precise to parallel to 
micron order. For this reason, in preparation for the mask chuck section of an X-ray 
aligner, the parallelism of the mask pattern side of the X-ray mask structure and the 



equipment clamp face of a maintenance frame, double sided flatness, and absolute 
height must be maintained at high degree of accuracy, and a tilt stage and a Z stage 
must be pasted up. However, an X-ray aligner is complicated and the former has the 
problem of becoming expensive equipment. On the other hand, since a mask chuck 
device can use the latter approach as the X-ray aligner formed into single abbreviation 
by highdegreeof-accuracy-ization of the lamination of a mask substrate and a 
maintenance frame, it becomes advantageous on X-ray aligner development. In addition, 
this is already indicated by JP, 3-293716, A. Therefore, the various techniques of the 
lamination approach of of the mask substrate of the X-ray mask structure and 
maintenance frame by adhesives are indicated by JP,64-36019,A and JP,1-266722,A for 
development of such an X-ray aligner. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the X-ray mask structure of the 
former by which adhesives 3 are inserted between the mask substrate 2 and the 
maintenance frame 1 like shown in drawing 3 (b), each error of the thickness of the 
mask substrate (Si wafer) 2 and the maintenance frame 1 serves as dispersion in the 
thickness of the layer of adhesives 3, and the thickness of adhesives 3 is determined. 
That is, according to dispersion in the thickness of the mask substrate 2 and the 
maintenance frame 1, dispersion arises in the thickness of the layer of the adhesives 3 
between the X-ray mask structures. Moreover, since adhesives 3 generally produce 
hardening contraction at the time of hardening, deformation of the mask substrate 2 
produces them by dispersion in the thickness of the layer of these adhesives 3 in the 
appearance shown in drawing 3 (c). In addition, it is said that the volumetric shrinkage 
at the time of hardening of adhesives is generated 2 to 10% in the case of epoxy system 
adhesives. The deformation of the mask substrate 2 generated by the volumetric 
shrinkage produced in case these adhesives harden had the problem of becoming large 
when thick depending on the thickness of the layer of adhesives 3 although it is small 
when the layer of adhesives 3 is thin. Moreover, when the deformation by hardening 
contraction of adhesives was large, it had become the factor that distortion of the 
pattern (mask pattern) of an X-ray absorber occurred. Moreover, when the thickness of 
an adhesives resin layer became thick when adhesives resin with a comparatively large 
coefficient of linear expansion is used, deformation of the adhesives layer by the 
temperature change occurred greatly, and this also caused [ of the mask pattern ] 
distortion. Therefore, the object of this invention offers the semiconductor device 
manufactured by the X-ray mask structure and its manufacture approach, the X-ray 
lithography approach using this X-ray mask structure, and its X-ray lithography 



approach for X-ray lithography of the high degree of accuracy with which generating of 
the mask pattern resulting from the adhesives on which a housing and a maintenance 
frame are pasted up with which the trouble of the above-mentioned conventional 
technique was solved of distortion was suppressed. 
[0005] 

[Means for Solving the Problem] The above-mentioned object is attained by the 
following this inventions. Namely, the radioparency film with which this invention was 
formed on the housing and the X-ray absorber which has the pattern of the request 
formed on this transparency film, In the X-ray mask structure which consists of a 
maintenance frame which reinforces this housing, and a glue line for pasting up this 
housing and this maintenance frame further It is the semiconductor device 
manufactured by the X-ray mask structure characterized by consisting of a member for 
a glue line controlling the volume of adhesives and these adhesives and its manufacture 
approach, the X-ray lithography approach using this X-ray mask structure, and its 
X ray lithography approach. 
[0006] 

[Function] The result studied wholeheartedly that this invention persons should solve 
the trouble of the above-mentioned conventional technique, A glue line is constituted 
from a member for controlling the volume of adhesives and these adhesives. the foil 
tabular spacer of the thickness suited these measurands after measuring the amount of 
dispersion of the thickness of a mask substrate (Si wafer) and a maintenance frame to 
be used to the thickness of a design specification - a glue line -- putting in -- this spacer, 
if adhesives are poured in up and down The result which can make thickness (amount) 
of the layer of adhesives regularity since the volume of adhesives is controllable, The 
deformation of a mask substrate and the effect of the coefficient of linear expansion, of 
adhesives by the volumetric shrinkage at the time of hardening of adhesives could be 
suppressed to the minimum, the knowledge of the mask structure for X ray lithography 
of high degree of accuracy by which generating of a mask pattern of distortion was 
prevented being obtained was carried out, and this invention was completed. Moreover, 
if the solid ingredients of a granule were paid into adhesives, since the volume of 
adhesives resin was adjusted to arbitration, like the above, the deformation of a mask 
substrate and the effect of the coefficient of linear expansion of adhesives by the 
volumetric shrinkage at the time of hardening of adhesives could be suppressed to the 
minimum, the knowledge of the ability to prevent distorted generating of a mask 
pattern was carried out, and this invention was completed. 
[0007] 



[Example] Next, an example and the example of a comparison are given and this 
invention is further explained to a detail. 

Example 1 drawing 1 (a) is the sectional view showing the X-ray mask structure of one 
example of this invention. Moreover, although drawing 1 (b) is the expanded sectional 
view of the lamination parts of the mask substrate (housing) 2 and the maintenance 
frame 1, as shown in drawing, the mask substrate 2 and the maintenance frame 1 are 
stuck by the glue line A. In this example, adhesion immobilization of the Si mask 
substrate 2 with a thickness of 2.00mm is carried out on the maintenance frame 1 made 
from Pyrex glass with a thickness of 3.89mm created by a certain dimensional tolerance. 
Under the present circumstances, the SUS spacer 7 of the foil tabular shape of a 0.1mm 
ring is inserted in a glue line A, and the 2 liquid polymerization mold adhesives 3A and 
3B are applied to the appearance of this spacer 7 shown in drawing 1 (b) up and down. 
When the thickness of the layer of these adhesives was 0.01mm in all of upper and 
lower sides, the X-ray mask structure of this invention whose whole thickness is 
6.00mm was obtained. 

[0008] the case where dispersion occurs [ the thickness of the maintenance frame 1 
made from Pyrex, and/or Si mask substrate 2 ] in design tolerance in this example - the 
thickness of the spacer 7 in a glue line A - suitably - change **** - thickness of the 
layer of adhesives can be made regularity by things. For example, maintenance frame 
thickness is 3.94mm, if the foil tabular ring-like SUS spacer of 0.15mm thickness is 
inserted into a glue line A when the thickness of Si mask substrate is 1.90mm, thickness 
of adhesives can be considered as 0.01mm in all of upper and lower sides, and the 
thickness of the whole X-ray mask structure will be set to 6.00mm. Here, although the 
thickness of adhesives was explained as 0.01mm, it cannot be overemphasized that less 
than [ it ] is desirable. Moreover, as adhesives used in this invention, as long as it can 
paste up a housing and a maintenance frame firmly, which thing may be used, but it is 
the mixed adhesives of epoxy system 2 liquid (base resin, curing agent) hardened in 
ordinary temperature, and since the contraction at the time of hardening is small, 
adhesives of 0% of volatile matter are used especially preferably, for example. As other 
adhesives, cyanoacrylate adhesive, acrylic adhesives, inorganic system adhesives, 
photoresist adhesives, etc. are used preferably. 

[0009] Moreover, about a spacer ingredient, as that not only of SUS but the 
above-mentioned adhesives resin, or if it is construction material with a coefficient of 
linear expansion low about single figure, it can be preferably used not only for a metal 
and a nonmetal but for this invention. Furthermore, if the volume of the adhesives not 
only in the shape of a foil tabular ring but a glue line is controllable, anythings can also 



use the configuration. In addition, when using photoresist adhesives, it is desirable to 
use the ingredient which carries out light transmission, for example, glass, and acrylic 
resin as a spacer ingredient. 

[0010] Since the volume of the adhesives in a glue line A is [ like ] controllable by the 
X-ray mask structure of this invention by [ which were explained above ] inserting the 
SUS spacer 7 in a glue line, as a result of hardening contraction being able to arise or 
being able to make into the m inim um thickness (amount) of an adhesives resin layer 
with the large coefficient of linear expansion which is easy to produce deformation of the 
adhesives layer by the temperature change, distortion of a mask pattern side can be 
made small. 

[0011] Although example 2 drawing 2 showed the X-ray mask structure of this example, 
the configuration and dimension of a mask substrate and a maintenance frame are the 
same as an example 1. In this example, the glass particle 8 of a granule with a particle 
size of 10 micrometers or less which serves as a spacer into adhesives is mixed instead 
of the foil tabular ring-like SUS spacer inserted in the glue line 3 in the example 1. The 
mixed ratio of adhesives and the granular glass particle 8 is mixed due to V<10 at this 
example. It makes it the ratio of these adhesives and a granular glass particle become 
for it to be desirable and fixed [ the total amount of the adhesives in a glue line ] 
between the X-ray mask structures to make it change with the height of a glue line 
suitably. Moreover, especially with the above-mentioned glass, it is not restricted, but 
the construction material of a granule is the same as that of the adhesives resin used for 
a glue line, or if it is an ingredient with a coefficient of linear expansion low about single 
figure, it can be used not only in a metal and a nonmetal. Moreover, a configuration can 
control the volume of true spherical ** and adhesives, and anything can be used. In 
addition, as an approach of manufacturing the X-ray mask structure of this invention, 
each well-known approach can be used conventionally. 

[0012] The X-ray lithography approach of this invention using the X-ray mask structure 
of this invention produced in the example 3 example 1 is explained. By this invention 
approach, an X-ray aligner is used, an X-ray is irradiated from the rear face of the X-ray 
mask structure of this invention, and the pattern on a mask is imprinted on the resist 
film of an exposed substrate. In addition, the exposure method was made into the pro 
squeak tee method, and used synchrotron radiation as the light source. As the concrete 
approach, the spin coat of the novolak system chemistry magnification mold resist 
(RAYPN Hoechst A.G. make) was first carried out to thie thickness of about 1 
micrometer on the silicon wafer which is an exposed substrate, it set in the exposure 
chamber with the X-ray mask structure after BEKU desiccation, and vacuum suction 



was carried out to 6xlO-7Ibrr extent. Helium (helium) gas was introduced in the 
chamber after that, and it exposed for about 1 second in the 150Torr ambient 
atmosphere. After performing BEKU processing after exposure, when the sample after 
exposure was developed using the organic alkali water solution, the resist pattern of the 
same 0.5 -micrometer line breadth as the absorber pattern on the X-ray mask structure 
was obtained. Under the present circumstances, since the X-ray mask structure of this 
invention has small deformation of the volumetric shrinkage produced at the time of 
hardening of adhesives and the glue line produced in connection with the temperature 
change at the time of using the comparatively large adhesives of coefficient of linear 
expansion to the above mentioned appearance, there is no distortion of a mask pattern 
small [ the deformation of a mask substrate ] in it, and it can form a resist pattern with 
sufficient.dimensional accuracy on a wafer at it. 

[0013] How to manufacture a semiconductor device is explained by the X-ray 
lithography approach which used for the 4th example the X-ray mask structure of this 
invention which gave [ above-mentioned ] explanation. Drawing 4 shows the flow of 
manufacture of semiconductor devices (semiconductor chips, such as IC and LSI, or a 
liquid crystal panel, CCD, etc.). The circuit design of a semiconductor device is 
performed at step 1 (circuit design). The mask in which the designed circuit pattern was 
formed is manufactured at step 2 (mask fabrication). On the other hand, at step 3 
(wafer manufacture), a wafer is manufactured using ingredients, such as silicone. Step 
4 (wafer process) is called a before process, and forms a actual circuit on a wafer with a 
lithography technique using the mask and wafer which carried out [ above-mentioned ] 
preparation. The following step 5 (assembly) is called an after process, is a process 
semiconductor-chip -ized using the wafer created by step 4, and includes processes, such 
as an assembly process (dicing, bonding) and a packaging process (chip enclosure). At 
step 6 (inspection), the check test of the semiconductor device created at step 5 of 
operation, an endurance test, etc. are inspected. Through such a process, a 
semiconductor device is completed and this is shipped (step 7). 

[0014] Drawing 5 shows the detailed flow of the above-mentioned wafer process. At step 
11 (oxidation), the front face of a wafer is oxidized first. An insulator layer is formed in a 
wafer front face at the following step 12 (CVD). At step 13 (electrode formation), an 
electrode is formed by vacuum evaporationo on a wafer. Ion is driven into a wafer at 
step 14 (ion implantation). A sensitization agent is applied to a wafer at step 15 (resist 
processing). Furthermore, at step 16 (exposure), printing exposure of the circuit pattern 
of the X-ray mask structure of this invention is carried out with an X-ray aligner on the 
wafer by which resist processing was carried out. Under the present circumstances, 



since the X-ray lithography approach of this invention is used, a resist pattern can be 
formed with sufficient dimensional accuracy on a wafer. The exposed wafer is developed 
at step 17 (development). At step 18 (etching), parts other than the developed resist 
image are shaved off. The resist which etching could be managed with step 19 (resist 
exfoliation), and became unnecessary is removed. By carrying out by repeating these 
steps, a circuit pattern is formed on a wafer multiplex. If the manufacture approach of 
this example is used, manufacture will become possible [ manufacturing the 
semiconductor device of the difficult high degree of integration ] conventionally. 
[0015] 

[Effect of the Invention] The X-ray mask structure which was explained above and 
which is used for the X ray lithography* of this invention like In the junction approach of 
a mask substrate and the maintenance frame which supports it, the glue line for 
pasting up a mask substrate and a maintenance frame Also in junction of the mask 
substrate with which thickness varies since it consists of members (spacer) for 
controlling the volume of adhesives and these adhesives, and a maintenance frame 
Since the adhesives layer of thin uniform thickness is formed, deformation of the mask 
substrate by hardening contraction of adhesives can be suppressed to the minimum. 
And it becomes the X-ray mask structure for the X ray lithography of high degree of 
accuracy which can suppress deformation of the glue line produced in connection with a 
temperature change to the minimum when the comparatively large adhesives of 
coefficient of linear expansion are used consequently by which generating of a mask 
pattern of distortion was suppressed. Moreover, the same effectiveness is acquired also 
by paying grain-like solid ingredients into adhesives and constituting a glue line. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll The block diagram of the example of this invention is shown. 

fDrawing 21 The block diagram of the other examples of this invention is shown. 

[Drawing 31 The conventional mask structure for X ray lithography is shown. 

[Drawing 41 The flow of manufacture of a semiconductor device is shown. 

fDrawing 51 The detailed flow of the wafer process in the flow of drawing 4 is shown. 

[Description of Notations] 

1* Maintenance frame 

2' Mask substrate (housing) 

3, 3a, 3b* Adhesives 

4- Mask pattern (X-ray absorber) 

5- Membrane (radioparency film) 

6- The hole of a housing 
T Spacer 

8^ Granular spacer 
A' Glue line 
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^Drawing 1] 
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(a) 



(b) 



(c) 




fDrawing 41 



fDrawing 5] 
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